Localized surface plasmon resonance (LSPR) is induced by incident light when it interacts with noble metal nanoparticles that have smaller sizes than the wavelength of the incident light. Recently, LSPR-based nanobiosensors were developed as tools for highly sensitive, label-free, and flexible sensing techniques for the detection of biomolecular interactions. In this paper, we describe the basic principles of LSPR-based nanobiosensing techniques and LSPR sensor system for biomolecule sensing. We also discuss the challenges using LSPR nanobiosensors for detection of biomolecules as a biomarker.
Introduction
To establish optimal therapeutic strategies, both obtaining and analyzing molecular information from diseased patients are key activities in clinical and biomedical studies [1] . In particular, the sensitive detection and quantification of disease-associated biomolecules, such as proteins and nucleic acids, in tissues and biological fluids are crucial for accurate diagnoses and reliable prognoses. At present, abundant diagnostic methods, such as enzyme-linked immunosorbent assays (ELISAs) [2] , western blots [3] , and polymerase chain reaction (PCR), have been reported [4] . However, these methods have limitations. One major limitation is the need for a labeling process using an antibody, with or without an enzyme or nucleic acid (e.g., a primer for PCR) that is capable of binding to the biomolecule of interest [5] . Moreover, PCR requires an amplification process for the detection of nucleic acid targets, which delays detection [6] and may induce contamination during analysis from the presence of dead bacteria [7] . Thus, various diagnostic biosensors based on nanotechnology have been recently developed for the sensing of low concentrations of biomolecules and the recognition of biomolecular interactions. In general, a nanobiosensor is defined as a device that recognizes biological phenomena at the molecular scale with high affinity and specificity and subsequently transduces signals into quantifiable information [8] .
Among the variety of nanobiosensors available, localized surface plasmon resonance-(LSPR-) based nanobiosensors are considered one of the most powerful tools in the biotechnology and biosensor fields. LSPR possesses the specific characteristics of metallic or metalized nanostructured materials, such as precious metal nanoparticles, which can be excited by irradiation with incident photons and is resonant with the collective oscillations of conduction electrons at a specific wavelength. Herein, the peaks of LSPR-related spectra are sensitive to the dielectric medium on the surface of the precious metal nanoparticles that can be used to recognize biomolecules [9] . In particular, nanobiosensors based on LSPR have the following advantages for the detection of biomolecules: (1) high sensitivity via detection of refractive index changes, (2) no labeling requirement because of sensing of spectral shifts, (3) real-time assay accessibility using microfluidic systems, (4) good reproducibility using nanoparticle substrates, and (5) low cost and easy instrumental setup. These advantages demonstrate that nanobiosensors can be applied in a wide range of fields, such as medical, food safety, environmental monitoring, and drug screening [10] .
In this paper, we will first introduce the optical properties of LSPR in noble metal nanoparticles and provide the physical origins of LSPR and the relationship between the material properties of noble metal nanoparticles and the surrounding dielectric environment. Subsequently, we will describe how LSPR-based sensors are used to detect molecular interactions, including a description of substrate preparation for LSPR sensing (classified into chemical reaction and lithographic methods) as well as both macroscale and nanoscale detection methods for systemic optical instrumental setup. Finally, we will review the applications of LSPR sensors for the detection of disease-related biomolecules as a biomarker.
Fundamentals of LSPR
To explain the fundamentals of LSPR nanobiosensors, we discuss the basic optical properties of precious metal nanoparticles, which are divided into general plasmons in the bulk state, surface plasmons, and localized surface plasmons. We also describe the physical theories correlated with LSPR signal generation for scattering phenomenon in spherical and nonspherical nanoparticles and for the relationship between refractive index changes and spectral shifts.
Optical Properties of Noble Metal Nanoparticles.
A plasmon is the collective oscillation of free electrons with respect to fixed positive ions in a metal and is one of the most important properties of metals ( Figure 1 ). Reflection occurs when the frequency of light is below the plasma frequency, because the electric field of light is blocked by electrons in the metal. On the other hand, transmittance occurs when the frequency of light is above the plasma frequency, because light cannot be blocked by electrons. In most cases, the plasma frequency of metals is in the ultraviolet region, making the plasma reflective in the visible range. For general plasmons in the bulk state, plasmon energy E p can be represented by
where n is the electron density, e is the electron charge, m is the electron mass, ε 0 is the permittivity of the free space, D is the Planck constant, and ω p is the plasmon frequency. Moreover, when the plasmon is refined at the surface of materials, plasmons take the form of surface plasmons. Surface plasmons are confined to the surfaces of metals and interact strongly with light, resulting in polaritons. These occur at the interface of a vacuum or material with a small, positive, imaginary part of the dielectric constant and a large, real part of the dielectric constant. Surface plasmons are optically excited, and light can be coupled into propagating or standing surface plasmons through a grating or defect in the metal surface [12, 14] . Incident light is most efficiently coupled at a high angle, because it is the oscillating electric field of the incoming plane wave that excites the surface plasmons.
In addition, surface plasmons confined to a nanostructure are called localized surface plasmons (LSPs). LSPs are collective oscillations of electrons in metallic nanoparticles that are excited by incident light. LSPs enhance the electric field near the surface of the nanoparticles; this enhancement is highest at the nanoparticle surface and decays rapidly at the nanoparticle-dielectric background interface. The collective oscillation is maximized at the resonance wavelength, which occurs at the visible wavelength region for precious metal nanoparticles. Enhancements of the electric field and light intensity play important roles in LSPs with respect to high spatial and spectral resolution, limited only by the size of the nanoparticles [21, 22] .
Physical Theories Correlated with LSPR.
The Mie solution to Maxwell's equations describes the scattering and absorption of incident light by spherical particles [23] . It describes a relationship for the extinction cross-section, σ ext (σ ext = σ abs + σ sca ), that is, the summation of the absorption cross-section and the scattering cross-section of the metal nanoparticles. For small particles (d λ), the Mie solution is represented by
where V 0 = (4π/3)R 3 , ω is the angular frequency of the extinction radiation, ε m is the dielectric function of the medium surrounding the metal nanoparticles, and ε 1 and ε 2 are the real and imaginary parts of the dielectric function of the metal nanoparticles, respectively. As described in (2), the surface plasmon absorption band appears when ε 1 (ω) ≈ −2ε m if ε 2 (ω) is small or if it is only weakly dependent on ω. The bandwidth and amplitude of the peak are well approximated by ε 2 (ω); however, contrary to experimental cases, size dependency of the position is not predicted by (2) . The size dependency of the position of the surface plasmon absorption band of the metal nanoparticles can be adapted by assuming size-dependent dielectric functions [24] . For a more sensitive detection of the LSPR signal, nanoparticle shape is an important factor. There are many kinds of nanoparticles: nanospheres, nanodiscs, nanopyramids, and nanorods. Among these variations, nanorods offer a higher sensitivity to refractive index changes than nanospheres. The longitudinal LSPR signal for a nanorod with an aspect ratio of 3 was shown to have a 6-fold higher sensitivity [25] . For this reason, we further describe the physical theory for nonspherical nanoparticles. In cases of nonspherical nanoparticles, the extension of the Mie theory, that is, the Gans theory, is applicable ( Figure 2 ). This theory provides the scattering characteristics for both oblate and Absorbance (a.u.) prolate spheroidal nanoparticles [26, 27] , describing the absorption cross-section for a prolate spheroid as
where j represents the three dimensions of the particle and P j includes P A , P B , and P C , termed depolarization factors, for each axis of the prolate spheroid particle. The depolarization factors anisotropically alter the values of ε 1 and ε 2 , and the resulting LSPR peak frequencies are represented as
where e is the following factor, including the aspect ratio R of the particle [11, 28, 29] 
The extinction spectrum resulting from (3) has two peaks, one corresponding to the transverse plasmon peak from the contributions of the x-and y-axes to the sum, and the other corresponding to the longitudinal plasmon peak from the z-axis contribution. Equation (3) also provides an intuitive understanding of the effects of aspect ratio on LSPR peak wavelength. Factor ε m , which is 2 for spherical particles, is [(1−P j )/P j ], a quantity that increases with aspect ratio and can be much greater than 2. This leads to a red shift of the plasmon peak with increasing aspect ratio, as well as increased sensitivity to the dielectric constant of the surrounding medium.
As mentioned above, LSPR-based sensors fundamentally detect spectral shifts by changes in the localized refractive index in surrounding dielectric environments ( Figure 3 ).
The wavelength of the LSPR peak is dependent on the dielectric function of the surrounding medium [30] . This phenomenon can be proven using the Drude model, represented as
where ω p is the plasmon frequency and γ is the damping factor of the bulk metal. In the visible and near-infrared regions, in the case of γ ω p , (6) is simplified to
Under resonance conditions (ε 1 = −2ε m ), then
where ω max is the frequency of the LSPR peak. Substituting frequency with wavelength via λ = 2πc/ω, and then dielectric constant with refractive index via ε m = n 2 , (8) becomes
where λ max is the wavelength at the LSPR peak and λ p is the wavelength corresponding to the plasma frequency of the bulk metal. Thus, we find an approximately linear relationship between the wavelength of the LSPR peak and refractive index; this relationship can be applied to highsensitivity detection at the molecular level and, furthermore, to quantifiable bioassays using LSPR-based sensors.
Hardware Setup of LSPR
The application of high-sensitivity LSPR in surrounding dielectric environments has advantages for detection at the molecular level. In this section, we discuss the components of LSPR-based nanobiosensor systems for high-sensitivity recognition of biomolecules. First, we describe the dependency of nanoparticles on various conditions, such as size and shape, for detection of high-sensitivity LSPR signals. Then, we discuss substrate preparation methods, that is, adsorption and lithographic techniques, and close with LSPR signal detection methods and ways to improve their limits of detection.
Preparation of Nanostructures.
The spectral properties of LSPR signals are contributed by the shape and size of the nanoparticles due to surface polarization [13] (Figure 4 ). Many reports have described the use of various nanoparticle shapes as well as nanoparticle arrays coated with thin films. The size of the nanoparticles influences the relative magnitude of both absorption and scattering cross-sections. Moreover, the increase in edges or sharpness of a nanoparticle results in a red shift of extinction spectra due to an increase in charge separation, whereas increased symmetry results in increases in LSPR signal intensity [31] . The number of modes in which a given nanoparticle can be polarized determines the resonance absorption peaks [25, 31, 32] . Thus, nonspherical nanoparticles tend to exhibit multiple red-shifted peaks compared to nanospheres. As previously mentioned, refractive index sensitivity for spheroidal nanoparticles is determined not only by material composition and particle size but also by aspect ratio. Deviations in aspect ratio are more influential on the spectral shift of the LSPR signal than are changes in size. For example, changing the size from 10 to 100 nm for nanospheres results in a red shift of 47 nm; in contrast, changing the aspect ratio from 2.5 to 3.5 for elliptical nanoparticles results in a red shift of 92 nm for a longitudinal peak [32] . This example shows that changes in aspect ratio correlate with much smaller changes in the overall size of the nanoparticles. In addition, refractive index sensitivity of LSPR-based sensors also depends on the shape of the nanoparticles, which are highest for nanorods, followed by triangles, and then spheres [33] .
Fabrication of Substrate for LSPR Signal Sensing.
Nanofabrication techniques are classified into bottom-up and top-down methods, where the former is based on chemical reactions giving rise to nanomaterials with compositions, sizes, and shapes determined by the reaction conditions, and the latter involves the use of lithographic techniques, that is, the synthesis of gold and silver nanostructures ( Figure 5 ).
In the case of metal nanoparticles, the most common method involves the chemical reduction of metallic salts in the presence of stabilizers and surfactants, which allows control of particle orientation, particle shape, and colloidal stability. There are numerous methods that reproducibly control shape and morphology of nanoparticles, allowing a fine tuning of LSPR wavelength [34] . The required bioconjugation of such nanoparticles is a complex process due to the delicate balance between attractive and repulsive electrostatic forces at interfaces between nanoparticles and solutions. Changes in environmental conditions, such as temperature, ionic strength, and pH, can lead to nanoparticle aggregation. To avoid these difficulties, one of the LSPR substrate preparation methods is adsorption of nanoparticles onto the substrate. Nanoparticle adsorption onto substrates is conducted by chemical binding, typically present on glass surfaces, using the high affinity of gold or silver nanoparticles toward specific functional groups, such as amino or mercapto groups [35] [36] [37] .
Although the nanoparticle adsorption method has been widely used, this method has limitations with respect to polydispersity and reproducibility. To overcome these limitations, lithographic techniques were introduced. Many lithographic techniques have been used to achieve uniformity in size and shape of metal nanostructures. Among them, one technology is electron beam lithography. This technique allows the preparation of substrate for precise control of size, shape, and spatial distribution, generating greater than 99% monodispersive populations of nanoparticles, owing to its high resolution [38, 39] . Briefly, a glass slide, supporting a conductive film such as indium tin oxide, is coated with an electron-sensitive photoresist, such as poly(methyl methacrylate) (PMMA). The electron beam is then used to burn off the polymer in a desired pattern, and the exposed surface is chemically developed. Gold or silver is deposited by thermal evaporation, and PMMA is removed by acetone, leaving behind the desired pattern [24] . This technique, as well as focused ion beam lithography, is time consuming and produces only small patterned regions [39] . An alternative, cost-effective technique is nanosphere lithography (NSL), which produces 2D periodic arrays and metal films-over-nanosphere (FON) structures. Due to their substantial roughness, FON structures are extremely efficient surface enhanced Raman scattering substrates. The NSL process is based on the self-assembly of polymer nanospheres arranged in a closely packed hexagonal pattern that is subsequently overcoated with metal [40] . Metal deposited over the mask with a thickness between 15 and 100 nm generates honeycomb lattices of triangular islands once the mask is washed away. The dimensions of these islands can be controlled by the gap size between spheres and are dependent on the initial bead size [41] . Nanosphere masks formed by polystyrene nanospheres upon solvent evaporation are prone to defects due to size dispersion, point defects (missing nanospheres), line defects (nanosphere slips), and random arrangement. Angle-resolved NSL, also known as shadow NSL, uses annealed polystyrene spheres to expand the range of accessible nanoparticle morphologies to include nanodisks, nanorings, nanoholes, and cup-like structures. Other nanofabrication techniques include laser ablation, based on photo-and radiolytic reduction of metal ions, electrodeposition, and variations of lithographic techniques (e.g., electrostatic colloidal and soft interference). An interesting example of an electrochemical deposition technique was reported by Bok et al. [42] for preparation of Au/Ag alloy nanorods with multiple LSPR modes. Tunability of the resonance wavelength was achieved by varying the proportional composition of two noble metals in the plating solution.
Instrumental Setup for LSPR Sensors.
Typically, LSPR instrumental hardware setups are custom-built systems that are classified as macroscale or nanoscale detection methods, depending on the number of observed particles ( Figure 6 ).
Macroscale detection methods are composed of three major parts: a light source, a sample chip, and a spectrometer. The light source, generally a white light source, is passed toward a transparent sample chip that houses a large number of nanoparticles. The passed light source, which contains information about the extent of analyte adsorption, then arrives at its destination, the spectrometer. For nontransparent substrates, such as enclosed FON substrates, reflectionbased optical systems are suitable to study LSPR signals using a macroscale detection method.
On the other hand, nanoscale detection methods are achieved using more delicate and sophisticated systems, such as dark field microscopy-based optical systems. Incident white light hits the surface of the sample at a high angle, and scattered light is collected at a low angle. These two angles, that is, two apertures with different optical geometries, rely on a dark field condenser with a high numerical aperture (NA) that brings incident light obliquely to the surface of the sample; an objective lens selected for suitable NA is used to collect the scattered light. A dark field objective can also be used in reflection mode in which incident and collected light travel through the same objective. The scattered light is then sent to the spectrograph and imaging detector; the most common imaging detector is a camera that uses a CCD chip [13] . Nanoscale detection methods have some advantages: (1) low sample volume, (2) simultaneous Journal of Nanomaterials detection of multiplexed nanoparticles that have specific wavelength peaks, (3) tracking of each nanoparticle in real time, which allows the trajectory to be determined in biologically amenable solutions, and (4) nanoparticle imaging without photobleaching. A report by Dahlin et al. [43] describes improvements in the resolution of LSPR instruments. The setup in this study allowed the detection of LSPR shifts with a noise level less than 5 × 10 −4 nm and less than 5 × 10 −6 extinction units for 2-second acquisitions. Using nanohole arrays functionalized with biotin, these authors measured neutravidin binding kinetics in real time with a detection limit of less than 0.1 ng/cm 2 . This level of precision, compared with SPR sensors, provides a signal-to-noise ratio of approximately 2,000 for typical protein-binding reactions.
This improvement in resolution resulted from the collection of more photons in incident light using photodiode arrays with high saturation levels to reduce shot noise as well as from the use of improved fitting algorithms to calculate λ max in real time. By collecting greater numbers of photons, it was possible to determine LSPR peak positions with much greater accuracy than with either the grating resolution of the spectrometer (a few nanometers for commonly used fibercoupled portable spectrometers, depending on the slit width and gratings) or full-width LSPR spectra at half-maximal values. The use of photodiode array spectrometers with highsaturation capacities has, therefore, greatly enhanced LSPR resolution. This high resolution enables the detection of weaker signals, improving the measurements of real-time binding kinetics.
Sensing of Biomarkers Based on LSPR
Recently, various researches for biological assays using LSPR sensors have been reported to detect biomolecules and enhance the sensing efficiency. In particular, the quantification and analysis of biomolecules as a biomarker have demonstrated great promise for accurate diagnoses and highly reliable prognoses [15, 16, 44, 45] . Furthermore, the recognition of biomolecules can be used to understand fundamental biochemical and biomedical processes involved in diseases and monitor patient responses after the treatment [46] . The traditional immunoassay methods, such as ELISA [2] and fluorescence immunoassays [47, 48] , permit reliable biomedical diagnostics, but the increased demand for early and precise screening methods of molecular biomarkers is pushing the development of ultrasensitive sensors through signal amplification or exploitation of novel detection techniques [49] . LSPR sensors are one of the most powerful technologies for ultrasensitive, real-time, and multiplex sensing. Here, we thus discuss the applications of LSPR-based nanobiosensors for the detection of molecular biomarkers.
To confirm the capability about sensitive detection of molecular biomarker using LSPR sensor, biotin-streptavidin interaction is commonly used as a model system [50] [51] [52] . The interaction between biotin and streptavidin forms a strong, specific bond, and many reagents for this bioconjugation technique are readily available [53] [54] [55] [56] . The biotinstreptavidin interaction is notably well suited for LSPR sensors, because biotin is a relatively small organic molecule and can be conjugated to the nanoparticle surface [57] . In contrast to biotin, streptavidin is a relatively large protein and is easily detected by measuring changes in its refractive index [58, 59] . There have been many investigations of biotinstreptavidin interactions using LSPR sensors [60] [61] [62] [63] [64] . In one of these examples [51] , biotin was attached through a linker to gold nanospheres that were previously immobilized onto a glass substrate. Detection was performed by monitoring spectral changes using a spectrometer or by detecting a color intensity changes using a commercial flatbed scanner. Recently, Chen et al. [61] introduced single-particle LSPR imaging utilizing transmission grating to generate diffraction spectra from multiple nanoparticles captured using a CCD camera. This system detected biotin-streptavidin interactions with 150 nM streptavidin concentrations and a spectral shift of 13.5 nm. Kaur and Forrest [63] reported that the biotin-streptavidin interaction is dependent on the size of nanoparticles compared with IgG and protein A. Their results indicated that nanoparticle size strongly influences the apparent thickness and refractive index of the adsorbed proteins. They suggested that differences in layer thickness simply correlated to the orientation of the adsorbed proteins and their resulting areal densities.
The utility of LSPR sensors has been demonstrated in an immunoassay format, such as antigen-antibody interactions [15, 16] . Moreover, antigen-antibody interactions are appropriate to be used in LSPR sensors for real-time analyses [65] [66] [67] . Due to its strong binding affinity, the binding kinetics of the biotin-streptavidin interaction are limited by diffusion, and the unbinding kinetics are terribly slow [68] [69] [70] . However, antigen-antibody kinetics possess more reasonable binding rates, so LSPR sensors have been used to conduct analyses of binding kinetics in real time [71] [72] [73] . Furthermore, real-time analyses have been used to demonstrate specificity within one chip containing the same nanoparticles [74] [75] [76] [77] . Based on these techniques, recently, LSPR sensing technology has been applied to diagnose the specific disease [78] [79] [80] [81] [82] .
Mayer et al. [70] conducted experiments using LSPR sensors that were exposed to a nonspecific and subsequently to a specific antigen, both of which had the same concentrations and molecular weights. These experiments provided a more direct confirmation that antigen-antibody interactions occur on the sensor than did dose-response studies. Haes et al. [15] developed an LSPR biosensor capable of biomarker detection for Alzheimer's disease, that is, detection of amyloid-derived diffusible ligands (ADDLs), at picomolar concentrations (Figure 7(a) ). ADDL-anti-ADDL antibody binding was observed in real time, and the presence of the ADDL building block, Aβ, was confirmed using integrated mass spectroscopy spectra. The results of these spectra showed that Aβ was present in both oxidized and reduced forms, which were hypothesized to be important in Alzheimer's disease progression. Chen et al. [16] to develop a simple colorimetric biosensing methodology with single-molecule sensitivity. The technique is based on spectral imaging of a large number of isolated gold nanoparticles. Each particle binds a variable number of horseradish peroxidase (HRP) enzyme molecules that catalyze a localized precipitation reaction at the particle surface. The enzymatic reaction dramatically amplifies the shift of the LSPR scattering maximum, λ max , and makes it possible to detect the presence of only one or a few HRP molecules per particle (Figure 7(b) ).
Specifically, LSPR-based biomarker sensing techniques have been used in cancer diagnosis in recent years because the sensing of molecular biomarkers has shown promise in the early detection of disease, recognition of malignant conditions, and monitoring of the therapeutic efficacy (Table 1) [15, 16, 44] . Huang et al. [17] introduced singlemolecule nanoparticle optical biosensors, which consist of controlled, single-monoclonal antibody molecules attached to individual nanoparticles. Such tiny nanosensors offer detection of single molecules present in a volume of individual nanoparticles that are smaller than the crosssectional area of the antibody molecules. These authors also found that the biosensors resisted photodegradation and could be used for imaging and quantitative analyses [20] of single-protein molecules, tumor necrosis factor-α, and binding reactions for hours in real time. Chen et al. [18] demonstrated an LSPR-based biomolecular detection system that is simple and cost effective and, at the same time, is characterized by ultrahigh sensitivity (i.e., to several tens of attomoles of the analyte detected per cm 2 of the sensor surface). The chosen clinical target analytes for detection were extracellular adherence protein, found on the outer surface of Staphylococcus aureus, and prostatespecific antigen (PSA). Zhou et al. [19] applied a developed LSPR biosensor based on triangular silver nanoparticles for the detection of serum levels of the nuclear tumor suppressor protein, p53, in samples from head and neck squamous cell carcinoma patients. This report showed that LSPR nanobiosensors provide a promising platform with attractive advantages for serological or molecular diagnosis of the tumor. Hwang and Sim [20] described a strategy for the sensitive detection of target protein biomarkers based on LSPR responses to a single gold nanosphere in combination with signal enhancement by polyclonal antibodies. Changes in the dielectric constant of the surrounding microenvironment induced by the immune reaction between the target antigen and the polyclonal antibody created an additional spectral shift. A complex of PSA-α 1 -antichymotrysin was chosen as a target analyte, given the important role of PSA in prostate cancer diagnosis. The LSPR responses of the single Au nanoparticles were monitored after the introduction of that complex at various concentrations (0.01 pg/mL-1 ng/mL). Those examples provide insight into molecular biomarker detection using LSPR nanobiosensors with high sensitivity via detection of refractive index changes in localized metal surfaces, nonlabeling methods via sensing of the spectral shift of the maximum peak, and accessibility of real-time, multiplexed assays using microfluidic systems and nanoparticle arrays.
Conclusion
This paper has highlighted the physical theories and applications of LSPR nanobiosensors. By controlling and tuning the optical behaviors described in the aforementioned physical theories, such as the material, size, shape, and composition of noble metal nanoparticles, the sensitivity of LSPR nanobiosensors may be improved. Various approaches with regard to substrate preparation and optical instrumental setup have been presented to illustrate the challenges and suggestions for improvement in detection sensitivity for LSPR sensors. Narrower bandwidth and higher spectral sensitivity are commonly accomplished by lithographic methods. However, these methods are relatively expensive for manufacturing and small-size applications. By measuring of LSPR signals using macroscale detection methods, an average signal induced by numerous nanoparticles can be obtained. Nanoscale detection methods need only a few particles to be monitored simultaneously, so the required sample volume is significantly lower for macroscale detection methods.
The various examples of biomolecular detection with highresolution sensitivity using LSPR have been reported; thus, LSPR-based nanobiosensors show promise as powerful tools for challenging problems in clinical and biomedical applications.
